Location decisions for services tend to be an important part of the overall market strategy for the delivery products or services to customers efficiently and effectively. This paper focuses on optimal location of prepaid vending point using concepts from the Centre of Gravity and Euclidean Models. The method locates the facility at an optimal location minimizing the average distance travelled and transportation cost. The approach is simple, since the transportation rate and the point load (kWh) are the only location factors. The model was used to locate the optimal vending point of Abokobi, Ghana. The optimal vending station was found to have coordinates (0.5549, 0.7516)km in relation to Abokobi Rural Bank which was selected as the reference point, a point which eventually minimize transportation cost of T= ¢7909.20 from the chosen reference point.
Introduction
Decisions regarding business facility or plant locations are not made frequently, but they tend to be crucial in terms of business profitability and long-term survival. A mistake in a business facility location cannot be easily corrected. Often times, Operation Researchers have argued that business success is, being in the right place at the right time. Facility location problem, also known as location analysis is a branch of operations research and computational geometry concerned with the optimal placement of facilities to minimize transportation costs while considering factors like avoiding placing hazardous materials near housing and competitors' facilities. Location decision is based on many factors. Some of these factors are physical, economical, political, environmental or social. Very often, these criteria are linked with distribution costs of providing optimal access for the customers or the users of the facility in question (Eiselt and Sandblom, [4] ). According to Eiselt and Sandblom [4] , the primary location criteria for a service-related business are usually access to customers. However a different set of criteria is important for a manufacturing facility location. Some of these factors may include the labour force and costs, proximity to suppliers and markets, distribution and transportation costs, energy availability, the community infrastructure of roads, sewers, and utilities, quality of life in a community, and government regulations and taxes. Suthamphong [11] , argued that finding an optimal location is a major strategic concern for many firms, as it could control transportation cost and secure a competitive advantage. Being located in an optimal location is an important strategic decision in supply chain management. Choosing a new site requires high investment and it cannot then be altered in the short term. For any supply chain to be effective, the location of the facilities must be in the right position. Even though all other components in the supply chain are working effectively such as inventory, production and transportation, if the facility location is not at the right place, excess cost would inevitably occur, mainly transportation and labour costs (Suthamphong, [11] ). Location-allocation models cover formulations which range in complexity from simple linear, single-stage, single-product, uncapacitated, deterministic models to non-linear probabilistic models. Algorithms include, among others, local search and mathematical programming based approaches (Klose and Drexl, [5] ). Sundarakani and Over [9] , argued that handling both the possibilities and probabilities in plant relocation problems are large scale optimization problems. As a result, they explored a way to combine the possibilities and probabilistic scenarios together by proposing a Hybrid Robust Optimization and Mixed Integer Linear Programming (ROMILP).
According to Dong and Li [3] , location of distribution centre is the key step for logistics system optimization. To them, reasonable location do not only save cost, but also improve the service level of logistics system. Their paper studied the distribution centre location problem based on economics and timeliness. Firstly, a model with time constraint was proposed to optimize location under target of minimizing total cost. Secondly, the sequential quadratic programming, suitable for solving the model, was discussed. The results indicated that the location model can optimize the distribution centre location with time constraint effectively. Zhang et al. [12] , also established a location model based on the worst facility failure, the objective of which was to minimize the cost and cover the demand maximally. It demonstrated that location choice, considering facility failure, has significant meaning when considering economic benefit and covering the demand. A bi-level programming model which studied the facility location was established by using the methods of scenario analysis and robust optimization. It demonstrated that the location model which considers facility failure can save more costs from the economic benefit point of view and, from the maximal covering of the demand point of view. In an attempt to find solution to facility location problems, Yang and Lee [6] , presented an Analytical Hierarchy Process(AHP) decision model for facility location selection from the view of organizations which contemplate locations of a new facility or a relocation of existing facilities. The AHP model provided a framework to assist managers in analysing various location factors, evaluating location site alternatives, and making final location selections. The basic principle of the AHP model was to match decision makers' preferences with location site characteristics. The model requires that a number of potential sites are proposed and alternatives are then evaluated and compared under both quantitative and qualitative factors to allow managers to incorporate managerial experiences and judgement in the solution process. Over the last few years, prepayment electricity meters have been deployed as an innovative solution aimed at facilitating electric energy conservation and reducing commercial losses in the electrical distribution network. Though prepayment metering has also been used as a strategy to address revenue collection challenges faced by power distribution companies. Most customers face challenges with regard to travelling long distances to the vending points The convenience of payment for electricity in terms of location and denominations of one's own choice helps the customer. Customers on prepayment metering system look forward to buy electricity conveniently from a nearby vending outlets. Others prefer online purchase system. Vending point as service facility location concept considers closeness and minimal transportation cost as the critical decision factors. The evidence of long queues that characterizes the various prepaid vending points, especially in Accra and Kumasi and the long distance in the range of about 20km -30km travelled by others in search of vending points, necessitated this research.
Theory

Centre Of Gravity (COG) Facility Location Concept
Centre of Gravity facility location is a technique for locating single facility that considers the existing facilities, the distances between them, and the volumes of goods to be shipped. The technique is often used to locate intermediate or distribution warehouses, vending points, supermarkets, ATM machines etc. The centroid method begins by placing the existing locations on a coordinate grid system. The choice of coordinate systems is entirely arbitrary. The purpose is to establish relative distances between locations. The centroid is found by calculating the X and Y coordinates that result in the minimal transportation cost. We use the formulas below:
Where: C x : X coordinate of the centroid C y : Y coordinate of the centroid d ix : X coordinate of the ith location d iy : Y coordinate of the ith location V i : Volume of goods moved to or from the ith location.
Euclidean Model
The Euclidean model seek to minimize the total transportation cost (T ), which is given by sum of the volume of goods or load at a point multiplied by the transportation rate to ship or move to the point multiplied by the distance to the point.
Where existing facilities each having a flow of L i and coordinates (x,y) T : total transportation cost L i : load/volume at point i R i : transportation rate at point i d i : distance to point i from the facility to be located
Hence from equation (3)
Equation 5 represents an unconstrained minimization problem that is solved by the method of partial derivative. Let
∂T ∂x
= T x and
setting ∂T ∂x = 0 and solving for x, we have
Similarly,
setting ∂T ∂y = 0 and solving for y,
Where x : x -coordinate point of the located facility y : y -coordinate point of the located facility x i : x -coordinate points of existing facilities y i : y -coordinate points of existing facilities 3 Methodology
Data Analysis and Results
Data on various loads and respective coordinate distance for Abokobi, suburb of Accra-Ghana were obtained from the Customer Service Department of the Electricity Company of Ghana, Accra East Region. The data was collected for a period of four months and the average load for each household was calculated. The latitude and longitude were obtained using the google map approach. The Abokobi Rural Bank was selected as the reference point. Distances were calculated using the standard Euclidean metric. The locations were plotted in figure 1 below. 
The Algorithm
The solution process involves several steps, which are outlined as follows:
1. Determine the x, y coordinate points for each source and demand point, along with point volumes and linear transportation rates, 2. Approximate the initial location from the Centre of Gravity formulas by omitting the distance term d i as follows: 7. Finally, calculate the total cost (T) for the best location, if desired by using equation 3 above.
Model Assumptions
• Transportation costs are assumed to increase proportionally with distance.
• Straight line routes are assumed between the facility and other network points.
• The model finds location based on only variable cost.
The solution process to determine the optimal location and the minimum cost using the model is an iterative process which requires a repetition of step 3 to step 7 of the solution process as outlined in the methodology. Matlab was used for the computation of the optimal location. Convergence is obtained as shown. The first ten (10) iterations of the solution process, for the optimal coordinates, whilst that of the minimum transportation cost was attained at the 3 rd iteration as shown in Table 1 . 
Discussion
We indicate the goodness of fit for the model by the coefficient of determination, R 2 , a statistic that gives information about the goodness of fit of a model. We plotted the various y-values against x-values from Table 1 
Convergence Rate
Plotting the various T-values against x-values and y-values from Table 1 , it can be observed that the rate of convergence is linear in both cases as shown in figures 3 and 4 respectively. This convergence rate is needed to choose either T, x or y as the stopping criteria for the iterative process. 
Conclusion
In this paper, the optimal location and the corresponding transportation cost for an electricity prepaid vending station has been found using the CG method and Euclidean model, as well as implementation of the algorithm/ iteration process in MATLAB. Convergence for both X and Y coordinates was obtained in the ninth iteration, whereas that of the transportation cost was obtained in the third iteration. The values for the optimal solution in this case are; x = 0.5549km, y = 0.7516km, and T=GH¢7909.2. The R 2 values were greater than 0.7, indicating good correlation and acceptable model.
